Cytosol fractions prepared from the uterine mucosa of egg-laying Japanese quail were analysed for binding of the metabolites of cholecalciferol. When the uterus was incubated at 370C with various radioactive metabolites of cholecalciferol, the nuclear fraction incorporated only la,25-dihydroxy[ 3Hlcholecalciferol. When the uterus was incubated at 0°C with la,25-dihydroxy[3Hlcholecalciferol, most of the radioactivity was found in the cytosol. Translocation of 1 a,25-dihydroxy[3Hlcholecalciferol from the cytosol to the nucleus was temperature-dependent. The addition of 100-fold excess amounts of unlabelled la,25-dihydroxycholecalciferol significantly diminished the nuclear binding of la,25-dihydroxyl3Hlcholecalciferol. The cytosol fraction contained a 3.5S macromolecule that specifically binds a,25-dihydroxyl3Hlcholecalciferol. The dissociation constant was 0.39 nm and the maximal binding was 55 fmol/mg of protein.
Vitamin D3 undergoes two sequential hydroxylations in the liver and kidney to form la,25(OH)2D3 (Kodicek, 1974; DeLuca & Schnoes, 1976) . The resulting metabolite is considered to be the metabolically active form of the vitamin. A current hypothesis concerning the mode of action of la,25(OH)2D3 is that the steroid first associates with a cytoplasmic protein receptor in target organs (Haussler & McCain, 1977) . The cytoplasmicreceptor-ia,25(OH)2D3 complex then moves temperature-dependently to the nucleus and saturates the chromatin receptor-binding sites (Brumbaugh & Haussler, 1974) , where it stimulates RNA polymerase II activity to alter transcriptional events (Zerwekh et al., 1974; Spencer et al., 1978) and leads to the synthesis de novo of a vitamin D-dependent calcium binding protein Emtage et al., 1973) . These cytoplasmic receptors specific for I(a,25(OH)2D3 have been found in intestine (Brumbaugh & Haussler, 1974; Lawson & Wilson, 1974; Kream et al., 1977a) , parathyroid glands (Hughes & Haussler, 1978) and bone (Kream et al., 1977b; Manolagas et al., 1979; Chen et al., 1979) . More have been detected in rat, mouse and chick kidney (Chandler et al., 1979; Colston & Feldman, 1979; Christakos & Norman, 1979) and chick pancreas cytosol (Christakos & Norman, 1979) .
In laying birds, the increased calcium demands are accommodated by appropriate increases in intestinal calcium absorption. Most of the calcium absorbed in response to the increase in gonadal activity is stored as medullary bone (Simkiss, 1967) . Kenny (1976) reported for the first time that ovulation in Japanese quail is accompanied by enhanced renal biosynthesis of 1(,25(OH)2D3. Subsequently, Castillo et al. (1979) and Abe et al. (1979) reported independently that Ml,25(OH)2D3 is produced rhythmically during the ovulatory cycle in egglaying hens. Both renal l(a-hydroxylase activity and the plasma 1a,25(OH)2D3 concentrations were significantly higher at 14-16h after ovulation than at other times (Abe et al., 1979) . 1(,25(OH)2D3 has been thought to be essential for intestinal calcium absorption, bone mineral mobilization, and possibly for calcium transport in the uterus (Castillo et al., 1979; Abe et al., 1979) .
The present paper demonstrates that the cytosol fraction prepared from uterine mucosa of Japanese quail contains a high-affinity binding protein specific for la,25(OH)2D3. (Takasaki et al., 1978) .
Tissue incubations Each portion of the oviduct (uterus and magnum) from Japanese quail was removed, rinsed with Hanks' medium and placed in a flask containing 10 ml of Eagle's medium. Cholecalciferol Bligh & Dyer (1959) . The chromatin fraction prepared by this method might contain some nuclear membranes (Lawson & Wilson, 1974 ). Thus we referred to it as the nuclear fraction. The radioactivity was measured with a Packard model 3225 liquid-scintillation counter. DNA concentration was determined by the method of Schneider (1945) .
Competitive binding assay
The binding affinity of each cholecalciferol metabolite to the cytosol protein specific for la,25(OH)2D3 was analysed by the method of Eisman et al. (1976) . The uterine mucosa was washed by suspending it in 20vol. of phosphate buffer (0.05 M-KH2PO4/K2HPO4 (pH 7.4)/0.05 M KCl) and centrifuging at 10OOg for 10min, and homogenized in 5 vol. of phosphate buffer. The homogenate was then centrifuged at 200OOg for 45min in a Hitachi 65P-7 ultracentrifuge to give a cytosol fraction. Portions of the cytosol (1 ml, 1 mg of protein) were incubated with 0.1 pmol of 1 a,25(OH)2 [23, Ci/mmol) for 1 h at 25 0C with or without unlabelled cholecalciferol metabolites at various concentrations. Bound and free sterols were separated by using poly(ethylene glycol) (Eisman et al., 1976 with Hanks' medium and further incubated in the sterol-free Eagle's medium at 370C for 40min. After incubation, subcellular fractions (cytosol, 0; nucleus, 0, mitochondria, O; microsomal, A) were prepared as described in the Materials and methods section.
Transfer ofl a,25(OH)2D3from cytosol to nucleus
To investigate whether the transfer of 1 a,25(OH)2D3 from cytosol to nucleus is temperature-dependent or not, uterine or intestinal tissue was preincubated with la,25(OH)2[26,27-3H D3 at 0°C for 2h and then incubated in the fresh medium without la,25(OH)2[3IHD3 at 370C for 40min. Fig. 1 shows changes of the radioactivity detected in each subcellular fraction during incubation at 37°C for 40 min. During preincubation at 0°C, most of the radioactivity was found in the cytosol fractions of the uterus and intestine. The radioactivity in the cytosol markedly decreased during incubation at 370C for 40min and, conversely, radioactivity in the Vol. 190 nuclear fraction significantly increased in both the uterus and intestine. Very little radioactivity was found in the mitochondrial and microsomal fractions.
Specific of the la ,25(OH)2D3 binding to the uterine cytosol Fig. 2(a) Uterine mucosa was found to contain two different binding macromolecules for la,25(OH)2D3 with sedimentation coefficients of 3.5 S (fraction no. 17) and 6.0 S (fraction no. 27) respectively. The 3.5 S peak disappeared in the presence of excess la,25(OH)2D3, but it did not disappear with excess 25(OH)D3. The 6.0S peak, on the other hand, disappeared with the addition of either excess la,25(OH)2D3 or 25(OH)D3 (Fig. 3a) . Labelled 25(OH)D3 was bound preferentially to the 6.OS protein, but not to the 3.5 S protein (Fig. 3b) .
Discussion
It has become apparent that the mode of action of la,25(OH)2D3 in the intestine involves binding of the sterol to a specific cytoplasmic receptor, temperature-dependent translocation of the receptor-sterol complex to nuclear chromatin and subsequent activation of gene transcription (Haussler & McCain, 1977) . The evidence described in the present paper clearly indicates that the cytosol obtained from uterus of laying quail possesses a specific binding protein for la,25(OH)2D3. The properties of this protein, an apparent dissociation constant of 0.39 nm and a sedimentation coefficient of 3.5S, are almost identical with those found in other target organs for vitamin D. The 6.0 S protein appeared to be a macromolecule that binds 25(OH)D3 rather than la,25(OH)2D3. The 6.0S protein might be derived from contamination with serum (Kream et al., 1979) that contains 25-hydroxyvitamin D-binding protein (Imawari et al., 1976) . In addition, when the uterine tissue was incubated with various radioactive metabolites of cholecalciferol, only la,25(OH)2[3H1D3 was incorporated in the nuclear fraction and the association of the sterol with nucleus occurred at 37°C, but not at 0°C. These results strongly indicate that la ,25(OH)2D3 acts in the uterus of laying birds in a fashion similar to that in intestine. This is the first report of a high-affinity cytosol binding protein specific for la,25(OH)2D3 in the uterus of laying birds. As much as 150mg (in quail) or 2 g (in hen) of calcium are supplied from medullary bone and diet every day for eggshell formation. The calcium supplied has to be transported through uterine mucosa to the eggshell. Corradino et al. (1968) reported that the hen uterus produces calcium-binding protein in response to cholecalciferol and that electrophoretic and gelfiltration mobilities of the protein are identical with those of chick intestinal calcium-binding protein. Bar & Hurwitz (1975) and Bar et al. (1978) , however, demonstrated that uterine concentration of calciumbinding protein did not change in laying hens during the diurnal laying cycle and that the administration of la (OH)D3 to laying hens did not affect the content of uterine calcium-binding protein despite the marked increase in intestinal calcium-binding protein.
Thus the direct involvement of calcium-binding protein in uterine calcium transport has remained obscure. However, the presence of the cytosol la,25(OH)2D3 receptor-nucleus system in the uterus strongly suggests the possibility that calcium deposition into eggshell is controlled by la,25(OH)2D3. Recently, Abe et al. (1979) reported that both renal 25(OH)D3 la -hydroxylase activity and plasma concentrations of la,25(OH)2D3 in egg-laying hens were significantly increased at the stage of eggshell calcification. This stage appears to be mainly during the dark period, because most of the birds used in our previous study laid eggs at 21:00-24:00h (Abe et al., 1979) . Since birds do not eat food during the dark period, it may be suggested that the enhancement of la,25(OH)2D3 production at midnight is essential for uterine calcium transport rather than for intestinal calcium transport.
